Martin et al. (1982) found that switchgrass and big bluestem were tolerant to preemergence applications of up Switchgrass (Panicum virgatum L.) and big bluestem (Andropogon to 3.4 kg active ingredient (a.i.) ha Ϫ1 atrazine on certain gerardii Vitman) provide abundant forage for livestock and wildlife during hot summer months when cool-season grass species may desoils, and the yield of switchgrass (8420 kg ha
Weed control is now more difficult to attain, because density corn populations increased corn silage and grain yield without switchgrass and big bluestem pastures for forage pro- ble with warm-season grasses to allow grass establishment has not been widely researched or discovered.
Annual oat (Avena sativa L.) has been shown to be S witchgrass and big bluestem have the potential to an acceptable companion crop for the establishment provide abundant forage for grazing during the hot of perennial cool-season grasses (Buxton and Wedin, summer months when most cool-season forages phase 1970); however, annual oat is likely to be competitive into a period of low production. Dry matter (DM) yield and incompatible with warm-season grass establishment of switchgrass and big bluestem has been shown to doubecause of differing seasons of growth. No-till seeding ble from 4 Mg ha Ϫ1 to 8 Mg ha Ϫ1 with the application warm-season grasses into a dead or suppressed coolof 150 kg N ha Ϫ1 (Hall et al., 1982) . However, establishseason grass sod could serve as an alternative (Samson ment of these warm-season grasses is typically more and Moser, 1982; Bryan et al., 1984) . difficult than establishment of cool-season grass pasCorn could provide abundant biomass in the form of tures. Weed competition in young stands can inhibit silage or grain and would also enable using atrazine for warm-season grass seedling vigor and establishment, weed control in the corn crop during warm-season grass and warm-season grass yields may be as low as 1250 kg establishment. This practice may adhere to the atrazine ha Ϫ1 or even undetectable during the establishment year label if directions and restrictions for use on corn are without any form of weed control (Martin et al., 1982;  followed. Masters et al., 1990) .
Adequate light would be needed for sufficient warmAtrazine [6-chloro-N-ethyl-NЈ-(1-methylethyl)-1,3,5-season grass establishment within the corn crop, and triazine-2,4-diamine] has been widely used for weed greater light interception by the corn crop would be control during establishment of several warm-season needed for greater corn yield. Effects of corn height, grasses which are seeded into a clean-tilled seedbed.
population density, and row spacing could determine the survival of warm-season forage grasses and the corn (Wilson and Westra, 1991) . Mueller et al. (1993) Since the final corn populations differed for the two row spacWebster-Nicolett (fine-loamy, mixed, superactive, mesic ings, only data at equal populations were used for row spacing Typic Endoaquolls-Aquic Hapludolls) soils during 1995 and comparisons. For other statistical comparisons, populations 1996. The experimental design was a split-split plot with four were adjusted in 1996 to attain the same final populations replications and used warm-season grass species as the main used in 1995. plots. Factorial combinations of two corn hybrids differing in Corn was harvested on three dates each year. The first date maturity (108 vs. 113 d relative maturity), two corn row spac-(9 Aug. 1995 and 13 Aug. 1996) was representative of an early, ings (76 and 114 cm), and three corn population densities high-moisture silage harvest. The second date (15 Sept. 1995 (low, medium, and high) were the primary split. Corn harvest and 16 Sept. 1996) was a normal silage harvest, and the third dates were the secondary split. Two control treatments (warmdate (28 Sept. 1995 and 23 Sept. 1996) was for grain harvest season grass without corn, but with atrazine, and warm-season after black layer. Silage harvest plants were hand cut at 20-grass without either corn or atrazine) were used.
to 25-cm stalk height in 3-m lengths from a nonborder row Both experiment years followed soybean [Glycine max (L.) during each harvest and weighed. Samples were also dried to Merr.] on sites previously in corn-soybean rotations. A credit determine percentage dry matter and yield, and then were of 45 kg N ha Ϫ1 was given to the previous soybean crop, and ground and prepared for future forage quality analysis. Grain 67 kg N ha Ϫ1 was applied and incorporated by disking twice. yield was investigated by picking ears within a 3-m section of Following seedbed preparation, 6.2 kg PLS ha Ϫ1 of 'Cavenonborder row from each split plot and drying ears in a forcedin-Rock' switchgrass and 9.0 kg PLS ha Ϫ1 of 'Rountree' big air dryer until dry. Ears were then weighed and converted bluestem were seeded with a Brillion Sure-Stand seeder (a from ear weight to grain weight at 12% (w/w) moisture for broadcast packer-wheel drill). Corn was planted perpendicular grain yield determination. to warm-season grass seeding by no-tilling with a four-row Initial warm-season grass stand counts were taken 8 to 10 (76-cm spacings) John Deere 71 Flexi-Unit planter equipped wk after seeding on 10 July 1995 and 22 July 1996, before with 38-cm skip-row units. Plots were four rows for narrowcorn canopy closure (data not shown). Final stand counts were row (76 cm) treatments and three rows for wide-row (114 cm) taken on 5 Oct. 1995 and 8 Nov. 1996 . Counts (plants m Ϫ2 ) treatments. Corn was planted at 74 000 seeds ha Ϫ1 and later thinned to lower-density populations. Atrazine was applied were made by placing a square 0.37-m 2 frame on the ground warm-season grasses. The combination of excessive soil moisture and low temperatures may have stressed big bluestem seedlings and caused low seedling vigor, mak-
RESULTS AND DISCUSSION
ing them susceptible to cold injury, fungal infestation,
Switchgrass and Big Bluestem Stand Counts
or damping, and may have resulted in greater seedling death and lower stand counts in 1996. We speculate Establishment of switchgrass and big bluestem in corn was successful. Based on values set by the Great Plains that seedling development was delayed and that big bluestem was more susceptible than switchgrass to inAgricultural Council (1966) 1995 and 1995 and 1996 . Because this significant interaction can be explained by the difference in establishment of big 1996 were exceptional, and well above the suggested density of 10.8 to 21.6 plants m Ϫ2 for productive stands bluestem in 1995 and 1996, stand comparisons at differing levels of corn traits were made within a given (Launchbaugh and Owensby, 1970) .
Adequate precipitation (68.8 mm) (Fig. 1 ) in the first grass species and year. Little difference was detected for warm-season grass 5 wk after seeding resulted in similar excellent stands for both switchgrass and big bluestem in 1995. Switchgrass stands when evaluated at the various levels of corn traits. The long-season corn hybrid generally had greater establishment in 1996 was greater than in 1995 (Table  1) . Big bluestem establishment in 1996 was much lower warm-season grass stands than the short-season hybrid, but differences were insignificant. Corn population had than for switchgrass in 1995 and 1996 and big bluestem in 1995. In 1996, precipitation (221.7 mm) was threefold no significant effect on stands of switchgrass in either year and on big bluestem in 1995 (Table 1) . In 1996, greater than 1995 for the first 5 wk following seeding. probably less important than environmental conditions of a particular year for warm-season grass establishmore dependent on the environment than on the warmment success.
season grass species in which the corn was grown. RainStands of warm-season grasses grown in corn with fall for the entire 1996 growing season (469.9 cm) was atrazine and stands of grasses grown in control plots much greater than for 1995 (318.3 cm) (Fig. 1 ). Temperawith atrazine only were not different for either grass in tures also were cooler for the 1996 season (Fig. 2) , re-1996 (Table 1) . Stands were greater for big bluestem in sulting in lower GDD through 15 Sept. for 1996 (2295.5 1995 in corn with atrazine than for the atrazine-only GDD) than for 1995 (2484.0 GDD). Cool temperatures control. Switchgrass and big bluestem stands in 1995 and abundant moisture were probably responsible for without corn and without atrazine were significantly the increased silage yield of 1996. Conditions were optimal for vegetative growth, and lower temperatures lower than stands in corn with atrazine (Table 1) . Alprobably delayed corn development and enabled a though weed stands were not quantified, general obsergreater time period for the corn companion crop to vations of the without-corn and without-atrazine control continue vegetative growth. Therefore, greater amounts plots tended to show that foxtail (Setaria sp.) was domiof photosynthetic products were probably used for the nant and probably competing with switchgrass and big formation of vegetative components and fewer products bluestem. Foxtail was also present in the atrazine-only used toward reproductive or grain components. All recontrol plots late in the season, but did not appear to sulting comparisons for corn silage DM yield were made dominate the stand. Atrazine probably helped control specifically within grass species and within a given year early-season weed competition, resulting in consistently for each corn trait (Table 2) . greater stands with atrazine (Martin et al., 1982; Masters No significant difference was found in corn silage et al., 1990), and the corn canopy probably helped to yield between short-and long-season corn hybrids, excontrol late-emerging weeds by shading the area becept in big bluestem during 1996 ( Table 2 ). The longtween corn rows. Therefore, warm-season grass stands season hybrid produced 2.0 Mg ha Ϫ1 more silage dry were not lessened by the growth of corn, and the corn matter than did the short-season hybrid. This is consisprobably increased grass stands by shading late emergtent with the general trend found by others that longing weeds. Corn could also produce biomass during season hybrids will generally produce greater dry matter warm-season grass establishment, a benefit which would than short-season hybrids when planted and harvested not be realized by establishing warm-season grasses on the same dates (Alessi and Power, 1974; Stivers et without corn but with atrazine, or with neither corn al., 1971). This trend was especially noticeable if the nor atrazine.
hybrids came from within the same seed company (Graybill et al., 1991; Roth, 1994) , as was the case in Corn Silage and Corn Grain Production this experiment. Long-season hybrids, therefore, show Corn biomass production during grass establishment greater potential for producing more biomass than was harvested as either silage or grain. No significant short-season hybrids when grown to establish warmdifference was found between corn silage DM yield season grasses. grown with switchgrass or big bluestem, but silage yields Corn silage yields were consistently greater for differed, depending on the year: 3.5 Mg ha Ϫ1 greater higher-density corn plant populations grown in both for switchgrass and big bluestem in 1996 than in 1995 grass species each year (Table 2) . Silage yield from lowdensity corn populations was 2.8 to 3.8 Mg ha Ϫ1 less (Table 2 ). This indicates that corn silage DM yield was Table 3 . Corn grain yield for corn grown in switchgrass and big 1995 than 1996, in contrast to silage dry matter yields.
bluestem.
In 1995, higher temperatures probably sped the develCorn grain yield opment of the corn companion crop (Fig. 2) Corn grain yield with respect to the various corn traits Population followed the same trends as for silage production. Corn hybrid had no effect on grain yield in 1995. In High 7.7a 6.6a 7.7a 6.6a
1996, however, the long-season hybrid had greater yields Spacing ‡ than the short-season hybrid ( follows the general trend for long-season hybrids to produce greater grain yield than short-season hybrids than the medium-density corn populations in both years.
if maturity is reached before the onset of a killing frost In 1995, silage yields of medium-density corn popula- (Duncan, 1954; Stivers et al., 1971) . Growing long-seations were also consistently less in both switchgrass (P Ͻ son corn hybrids with switchgrass and big bluestem 0.05) and big bluestem (P Ͻ 0.10) than for the highcould provide the potential for greater corn grain yield density corn populations grown in switchgrass and big during the establishment year. bluestem. In 1996, corn silage DM yield was significantly Lower-density corn plant populations consistently re-(2.0 Mg ha Ϫ1 ) greater for high-density corn populations sulted in lower grain yield, ranging from 4.0 to 5.8 Mg than medium-density corn populations grown in ha Ϫ1 . Medium-density corn populations also consisswitchgrass, and 2.5 Mg ha Ϫ1 greater for high-density tently had lower grain yields than the high-density corn corn populations than medium-density corn populations populations, but the difference was significant only for grown in big bluestem. This same trend, in which greater corn plant populations (from 30 000 to 88 000 plants switchgrass in 1996, when the high-density corn populaha Ϫ1 ) produced greater DM yields, has been observed tion attained an average yield of 6.6 Mg ha Ϫ1 , and the by others (Cummins and Dobson, 1973; Graybill et al., medium-density corn population achieved an average 1991; Stivers et al., 1971) . However, this DM yield inyield of only 5.4 Mg ha Ϫ1 . High-density corn populations crease has also been shown to cease for some hybrids provided average yields of 7.7 Mg ha Ϫ1 when grown at populations from 68 000 to 125 000 plants ha Ϫ1 (Cumwith both switchgrass and big bluestem in 1995. Grain mins and Dobson, 1973; Rutger and Crowder, 1967) .
yield increased with greater corn populations when Higher-density corn populations also consistently progrown with both switchgrass and big bluestem. Narrow duced greater silage yields in this study, and would help row spacings did not result in greater grain yields than increase biomass production during the year of warmwide rows when planted at equal populations. season grass establishment.
Corn silage DM yield was not different for narrow
Conclusions
rows than for wide rows with equal corn plant populaEstablishment of switchgrass and big bluestem grown tions when grown with both grass species for both years with corn and atrazine was successful at equal or greater (Table 2) . Silage yields have earlier been shown to inlevels than without corn or atrazine, and is a viable crease as rows were narrowed from 102 to 51 cm (Cumoption for establishing warm-season grass pastures for mins and Dobson, 1973) . Furthermore, 76-cm rows have second-year forage production. Establishment of warmbeen shown to increase DM yield over 102-cm rows for season grasses appears to be more dependent on precipiboth early and late maturing varieties of corn (Stivers tation and environmental conditions than on corn hyet al., 1971). However, corn planted in more narrow brid, population density, row spacing, or harvest date. rows in this study did not help to increase silage biomass
The improvement of warm-season grass stands when production during the year of warm-season grass estabgrown with corn may be attributed to two possible lishment.
sources. It is likely that atrazine helped control early Yields for the late silage harvest of corn grown with cool-season weed species, and that the corn canopy supswitchgrass and big bluestem during 1995 and 1996 were pressed whatever late-emerging weed species escaped consistently 5.8 to 7.0 Mg ha Ϫ1 greater than silage yields the atrazine treatment. Long-season corn hybrids and from the early silage harvest.
higher-density corn populations showed the potential Within a year, grain yield of corn grown with to increase corn companion crop biomass production switchgrass or big bluestem was not significantly different (Table 3) . Combined grain yields were greater in for either silage or grain harvest when grown with seed- 
